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exhibit persistence of the motor dysfunctions even after rehabilitative therapy. In this
study we investigated if skilled and unskilled training induce different motor recovery and
brain plasticity after experimental focal ischemia. We tested this hypothesis by evaluating
the motor skill relearning and the immunocontent of Synapsin-I, PSD-95 and GFAP (pre
and post-synaptic elements, as well as surrounding astroglia) in sensorimotor cortex of
both hemispheres 6 weeks after endothelin-1-induced focal brain ischemia in rats.
Synapsin-I and PSD-95 levels were increased by skilled training in ischemic sensorimotor
cortex. The content of GFAP was augmented as a result of focal brain ischemia in ischemic
sensorimotor cortex and that was not modified by rehabilitation training. Unexpectedly,
animals remained permanently impaired at the end of motor/functional evaluations.
Significant modifications in protein expression were not observed in undamaged sensor-
imotor cortex. We conclude that skilled motor activity can positively affect brain plasticity
after focal ischemia despite of no functional improvement in conditions here tested.
& 2012 Elsevier B.V. Open access under the Elsevier OA license. the Elsevier OA license.
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om (A.S. Pagnussat).1. Introduction
Stroke is a leading cause of morbidity and mortality world-
wide (Murray and Lopez, 1997). Ischemic stroke accounts forapproximately 80% of all strokes and generally results from
the occlusion of middle cerebral artery or its branches.
Experimental focal cerebral ischemia models have been
developed to mimic human stroke and serve as an important
Fig. 1 – Skilled reaching ability in the Staircase test
expressed as % of baseline performance (npo0.01 sham
versus ischemia, skilled and unskilled; n¼10 for sham and
unskilled; n¼11 for ischemia; n¼12 for skilled). Values are
mean7S.E.M. Repeated measures ANOVA, Tukey test.
b r a i n r e s e a r c h 1 4 8 6 ( 2 0 1 2 ) 5 3 – 6 154and indispensable tool for stroke research (Durukan and
Tatlisumak, 2007). Endothelin-1 (ET-1) is a potent vasocon-
strictor that reduces blood flow to ischemic levels when
administered directly into the brain parenchyma (Sharkey
and Butcher, 1995). Intracerebral injection of ET-1 involves a
simple stereotaxic surgery, is not associated with postsurgical
complications (e.g., feeding difficulties) (Biernaskie et al.,
2001) and induces long-term functional and motor deficits
(Windle et al., 2006).
Damage of cortical networks for movement control, their
projections and disuse-related mechanisms are considered a
major cause of disability after stroke. Up to two thirds of
stroke survivors experience impaired function of the upper
limb (Jorgensen et al., 1995) and the majority of surviving
patients exhibit a persisting motor disorder even after reha-
bilitative therapy (Hendricks et al., 2002). Functional recovery
is influenced by a variety of biologic and environmental
factors and recovery profiles are characterized by a high
interindividual variability. However, it is well known that
there is a dose-dependent effect of rehabilitation, that earlier
delivery of rehabilitation has lasting effects on the functional
outcome (Huang et al., 2009) and that recovery of motor
functions can be modified by post-injury experience
(Maldonado et al., 2008).
Several studies have reported that activity-dependent brain
plasticity is proportional to the complexity of motor learning
(Adkins et al., 2006; Hosp and Luft, 2011; Kleim et al., 2004;
Maldonado et al., 2008). The primary motor cortex (M1) is
organized into highly interconnected groups of neurons,
whose coordinated activation encodes complex and multi-
joint movements (Graziano, 2006). Noninvasive functional
imaging studies have indicated that M1 is involved in the
process of motor learning and that learning-associated activ-
ity in M1 can be greater in magnitude and areal extent than
the activity associated with simple motor use either in
healthy or in lesion conditions (Kleim et al., 1998, 2002;
Plautz et al., 2000).
Cellular mechanisms of learning-dependent plasticity and
motor recovery after stroke involve neuronal changes within
motor cortex that include upregulation of trophic factors, like
BDNF, increase in protein synthesis, synaptogenesis, and
map reorganization (MacLellan et al., 2011). Synapses consist
of three main components including the pre- and post-
synaptic elements and the surrounding astroglial ensheath-
ment (Volterra et al., 2002). Synapsin-I is a protein implicated
in neuroplasticity that tethers synaptic vesicles to the actin
cytoskeleton and regulates the proportion of vesicles avail-
able for release in the presynaptic terminal (Jovanovic et al.,
2000). PSD-95 is highly abundant in the postsynaptic density
(PSD) and has been proposed to regulate many aspects of
synaptic transmission (Steiner et al., 2008). On the other
hand, glial fibrillary acidic protein (GFAP) is the most impor-
tant intermediate filament in mature astrocytes, is important
for astrocyte–neuronal interactions and plays a vital role in
modulating synaptic efficacy in the central nervous system
(CNS) (Eng et al., 2000).
In the present study we investigated whether skilled and
unskilled training would induce different brain plasticity and
motor recovery after focal ischemia. We hypothesized that
skilled rehabilitation would result in superior performanceon behavioral evaluation as well as in a greater expression of
proteins related to synaptogenesis on sensorimotor cortex in
both brain hemispheres.2. Results
2.1. Skilled reaching performance
The Staircase test showed a significant effect of time
(F(1,39)¼16.34; po0.001) and an interaction of time and group
(F(3,39)¼16.04; po0.001). Ischemic injury resulted in a signifi-
cant reduction in pellets retrieved compared with sham
surgery (po0.01). There was no difference between ischemic
and treated groups along weeks (p40.05), as depicted in
Fig. 1. Both skilled and unskilled training groups show
persistent deficits in skilled reaching.
2.2. Forelimb asymmetry use
Animals did not exhibit asymmetrical use of the forelimbs
during postural support before ischemic injury. After surgery
all ischemic animals developed a reliance on the ipsilateral
limb for postural support. Repeated-measures ANOVA evi-
denced a main effect of group (F(1,39)¼27.27; po0.01) and
interaction between time and group (F(3,39)¼5.46; po0.01).
Animals in all ischemic groups maintained the impairment
with the contralateral forelimb over the course of the experi-
ment. As showed in Fig. 2 there was no difference between
non-treated and treated groups at the end of 6 weeks of
rehabilitation (p40.05).
2.3. Effects of rehabilitation on expression of Synapsin-I,
PSD and GFAP
In order to assess pre - and post-synaptic elements aswell as the
surrounding astroglial ensheathment we performed Western
blotting assays using antibodies against Synapsin-I, PSD95
and GFAP in the sensorimotor cortex in both hemispheres.
Fig. 2 – Contralateral limb use in the cylinder test. All ischemic groups used their contralateral forelimb significantly less after
ischemia. This impairment persisted for the duration of the experiment in ischemic and ischemic treated groups (npo0.01
sham versus ischemia, skilled and unskilled; n¼10 for sham and unskilled; n¼11 for ischemia; n¼12 for skilled). Values are
mean7S.E.M. Repeated measures ANOVA, Tukey test.
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(F(3,19)¼6.66, po0.01) in ischemic hemisphere (ipsilateral). Simi-
larly, ANOVA evidenced differences in quantification of PSD-95
(F(3,19)¼5.23, pr0.01) and GFAP (F(3,19)¼5.54, po0.01) content in
sensorimotor cortex only in the ipsilateral hemisphere. As
displayed in Fig. 3, Synapsin-I and PSD-95 levels were increased
after skilled training. The content of GFAP was augmented as a
result of focal brain ischemia but without task-related effects
(ischemia versus sham po0.05; skilled and unskilled versus
sham po0.01).
2.4. Volume of tissue lost
One-way ANOVA showed significant main effects on volume
of tissue lost (F(3,16)¼5.66; P¼0.01). Differences between
uninjured and injured groups were revealed by Tukey post
hoc tests (pr0.03). No task-related effects on lesion volume
were found as visualized in Table 1.3. Discussion
It has been proposed that the acquisition and refinement of
novel movement sequences involve sensorimotor cortex
alterations in number of synapses (Kleim et al., 1996), synaptic
strength and dendritic growth (Biernaskie and Corbett, 2001)
and also can modify the topography representation of seg-
ments within sensoriomotor cortex (Adkins et al., 2006; Kleim
et al., 1998). These structural changes should require the
synthesis and/or redistribution of various neuronal proteins
necessary for motor learning. We then decided to evaluate the
functional recovery and the expression of proteins related to
synaptogenesis after focal brain ischemia and rehabilitation
using skilled and unskilled movements. The working hypoth-
esis was that skilled training would result in superior func-
tional recovery and expression of these proteins in both brain
hemispheres; that was partially confirmed. Animals remained
permanently impaired at the end of evaluations, since nodifference was observed in ischemic animals inspite of treat-
ment on recovery, neither in fine motor control necessary for
reaching in Staircase task, nor in recuperation of symmetrical
forelimb use for postural support, as evaluated by the
cylinder test.
After stroke animals can develop compensatory mechan-
isms in order to improve the performance on functional tasks
by the introduction of additional degrees of freedom in
movement (Metz et al., 2005), including rotatory movements
of the trunk and assistance of the non-reaching paw (Farr and
Whishaw, 2002). In humans the use of the trunk becomes
part of the general reaching strategy (Michaelsen et al., 2001)
as a compensatory mechanism by which the CNS may extend
the reach of the arm when the control of the active range of
arm joints is limited (Levin et al., 2009). In our experiment
ischemic animals could have adopted undesirable compen-
satory strategies for reaching in single pellet task which
prevented the satisfactory performance when trunk was in
a more restricted position, as in Staircase test.
The ET-1 model used in our study induces a consistent
injury and ensuing behavioral deficits that makes it attractive
for recovery studies. Nevertheless, it could cause an excessive
brain damage and severe functional impairments resistant to
physical therapy, which is evidenced by large infarct areas
(Table 1) (Windle et al., 2006) and the lack of spontaneous
recovery in tasks used in this study for functional evaluation
(Figs. 1 and 2).
In view of the expected interaction between rehabilitation
dose and injury severity beyond the premise that functional
benefit occurs only if a threshold of rehabilitation intensity is
achieved (MacLellan et al., 2011), a limitation of this study
may have been the dose of skilled reaching rehabilitation
(20 min/day). This time of training may be not enough to
promote functional recovery in this experimental model,
as visualized in the lack of behavioral recovery assessed by
Staircase and Cylinder tests.
In order to verify brain plasticity after rehabilitation proteins
involvedwith synaptic contactswere studied: Synapsin-I, PSD-95
Fig. 3 – Synapsin-I, PSD-95 and GFAP levels measured in the sensorimotor cortex from ischemic (ipsilateral) and intact
(contralateral) hemispheres. (A) Synapsin-I in the sensorimotor cortex (npo0.05 skilled versus sham; nnpo0.01 skilled versus
ischemia; n¼5). (B) Representative Western blots images from each of the groups. (C) PSD-95 in the sensorimotor cortex
(nnpo0.01 skilled versus ischemia; n¼5–6). (D) GFAP in the sensorimotor cortex (npo0.05 ischemia versus sham; nnpo0.01
skilled versus sham, unskilled versus sham; n¼5). Uniformity of gel loading was confirmed with b-actin as the standard.
Values are expressed as a percentage of sham levels. Bars represent the mean7S.E.M. One way ANOVA, Tukey test.
Table 1 – Lesion area extension measured 6 weeks after
surgery. Data are shown as mean7 standard error.
Group Tissue lost (mm3)
Sham 2.3570.9
Focal ischemia 83.75710.3a
Skilled training 95.00714.0a
Unskilled training 86.70706.1a
a Difference between uninjured and injured groups (pr0.03). No
task-related differences were found (p40.8).
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families of synaptic proteins. They are expressed only in neurons
and are specifically localized to the presynaptic compartment of
the synapses (Ferreira and Rapoport, 2002). Synapsin-I isimplicated in neurotransmitter release, axonal elongation and
maintenance of synaptic contacts (Wang et al., 1995). Our results
demonstrated that skilled training increases the expression of
Synapsin-I. Synapsin-I reflects brain plasticity since it is a
downstream mediator of BDNF’s effects (Cotman and
Berchtold, 2002; Jovanovic et al., 2000) which is expressed in a
use-dependent fashion (Gomez-Pinilla et al., 2002). This neuro-
trophin takes influence on synaptic efficacy, neuronal connec-
tivity and use-dependent plasticity (Schinder and Poo, 2000) as a
result of binding to its tyrosine kinase receptor and subsequent
activation of several signal transduction pathways (Waterhouse
and Xu, 2009).
BDNF and Synapsin-I are upregulated by neuromuscular
activity, including endurance exercise and functional rehabili-
tation, in intact (Klintsova et al., 2004; Vaynman et al., 2004) and
ischemic animals contributing to improve the performance in
cognitive/motor tasks (Kleim et al., 2003; Ploughman et al.,
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increase of Synapsin-I in sensorimotor cortex when compared
with sham and ischemia (Fig. 3A). This is not surprising since
skilled training is a rehabilitation task that associates elabo-
rated motor activity and higher cognitive function.
PSD-95 is a scaffolding molecule enriched at post-synaptic
excitatory synapses (Keith and El-Husseini, 2008). It is
involved in the anchoring of NMDA receptor (NMDAR) sub-
units (Kornau et al., 1995) and is responsible for the main-
tenance of the normal architecture and functional activity of
the post-synaptic density (Niethammer et al., 1996). In the
present study we found that the immunocontent of PSD-95
was markedly increased in sensorimotor cortex after focal
ischemia and skilled training.
Previous studies support the importance of PSD-95 proteins
in synaptic plasticity and in the control of synaptic strength
(Abe et al., 2004). Behavioral training increases PSD-95
expression (Dietrich et al., 2005; Xu et al., 2009); on the other
hand, its content can be diminished after brain lesioning
(Hu et al., 1998). The truncation of the C-terminal domain of
NMDAR subunits by calpain could result in the loss of the
ability of subunits to bind to PSD-95 in hypoxic-ischemic
conditions (Chen et al., 2007). This decrease in PSD-95
expression might be also related to thickness of PSD instead
of reduction in synaptic numeric density (Xu et al., 2009).
PSD is a dynamic structure whose morphology and composi-
tion change with experience and motor activity (Kennedy,
2000). In our study the skilled training could have induced an
increase in synaptic effectiveness in sensorimotor cortex, as
evidenced by enhanced levels of PSD-95 (Fig. 3C).
Astrocytes provide neurons with energy substrates and play
a crucial role in the maintenance of the extracellular environ-
ment. The astrocytic processes are in intimate contact with
both the pre- and postsynaptic terminal (Fellin et al., 2006) and
are involved in a bi-directional communication with neurons
(Araque, 2008) influencing the neurotransmission (Anderson
et al., 2002). GFAP is the major constituent of astrocytic
filaments and a marker for reactive astrocytes (Ridet et al.,
1997). In the present study we found that the immunocontent
of GFAP was increased in the ipsilateral sensorimotor cortex in
all ischemic animals. The rehabilitation treatment did not
alter the GFAP expression (Fig. 3D). It has been evidenced that
injury results in increased expression of GFAP protein in CNS
(Ridet et al., 1997). This reactive astrocytic response after
injury could form glial scar tissue and sometimes hinder
axonal growth (Alonso and Privat, 1993). On the other hand,
reactive astrocytes can play a role in neural plasticity in intact
animals (Sirevaag and Greenough, 1991) or after cerebral
ischemia and rehabilitation contributing towards the ameli-
oration of functional impairment (Briones et al., 2006).
We have also shown that just skilled training can increase
brain plasticity in ischemic hemisphere. The increased limb
use in the absence of skill acquisition (as unskilled task)
resulted in no net changes in movement topography within
the primate motor cortex (Nudo et al., 1997) or synapse
number within the rat motor cortex (Kleim et al., 1996).
Although neuroplastic changes in the undamaged side may
contribute to functional recovery after stroke (Biernaskie and
Corbett, 2001) we observed no significant modification in
protein expression in undamaged cortex.No task-mediated effect was observed in quantitative
morphometric analysis. Previous researches had demon-
strated that there are limitations in the use of morphometric
parameters as predictor of motor performance or functional
outcome (MacLellan et al., 2006; Mestriner et al., 2011).
The majority of stroke survivors experience hemiparesis,
a long lasting impairment of one upper extremity after the
event (Carod-Artal et al., 2000). Because the most rapid
recovery occurs during the first months after stroke
(Duncan et al., 1994) choosing the appropriate approach is
determinant for a successful rehabilitation, recovery of arm
and hand function and social reintegration of the surviving
stroke victims.
Our results support that skilled motor activity can induce
brain plasticity after brain ischemia despite of no functional
improvement in this experimental model of focal ischemia.
The optimal rehabilitation depends of several factors, includ-
ing the stroke severity and type/intensity/duration of treat-
ment. Skilled rehabilitation would be a good choice, even
after a severe stroke and restricting the compensatory
mechanisms during rehabilitation might be pivotal for func-
tional improvement.4. Experimental procedures
4.1. Animals
Forty three male Wistar rats from a local breeding colony
(ICBS, Universidade Federal do Rio Grande do Sul, Brazil)
weighing approximately 300 g at the time of surgery were
housed in standard plexiglass boxes, under 12:12 h light/dark
cycle, in a temperature-controlled environment (2071 1C),
with food and water available ad libitum, except during
behavioral training and testing periods. All experimental
protocols were in accordance with Brazilian law and were
approved by the Ethical Committee at the Federal University
of Rio Grande do Sul.
4.2. Food deprivation
All rats were placed on a food deprivation schedule 4 weeks
before surgery. On the day before the start of training,
animals were not furnished with food and from then on
and after each training session, all rats were provided with a
measured amount of standard laboratory chow each day
(12–15 g) to keep their body weight at 80–90% of free feeding
level. The training period was finished 2 days prior to surgery
and animals returned to the normal feed. Body weight was
monitored throughout the study; there were no group differ-
ences in weight change over the course of the experiment.
4.3. Experimental design and groups
The time line of experimental design is presented in Fig. 4.
Rats were familiarized 4 weeks before the surgery with the
apparatus and the tasks used in post surgery period. After
this period, animals were randomly assigned to four different
groups: sham [S] (n¼10), focal ischemia [FI] (n¼11), skilled
training [Sk] (n¼12) and unskilled training [Usk] (n¼10).
Fig. 4 – Time line of experimental events.
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Anesthesia was induced using a mixture of 3% halothane in 30%
oxygen and 70% nitrous oxide and was maintained with
0.5–0.7% halothane; body temperature was maintained between
36.5 1C and 37.5 1C throughout surgery using a self-regulating
heating blanket (Letica, Spain). Animals were placed in a stereo-
taxic apparatus, a midline incision was made and small burr
holes were drilled at the following coordinates: (1) anterioposter-
ior (AP) 0.0 mm, mediolateral (ML) 72.0mm and dorsoventral
(DV) 2.0mm; (2) AP þ2.3mm, ML 72.0mm, DV 2.0mm; (3)
APþ0.7mm, ML73.8mm, DV6.0mm. Using a 10 mL Hamilton
Syringe, endothelin-I (ET-1/800 pmol–human and porcine, Cal-
biochem) was injected into the motor cortex (2 mL) and into the
dorsolateral striatum (2 mL) (Windle et al., 2006).
ET-1 was injected in the left or the right hemisphere (the
contralateral hemisphere to the preferred limb used for
reaching) at a rate of 1.0 mL/2 min with a 1-min pause
between each microliter. After infusion, the needle was kept
in position for an additional 3 min to minimize backflow.
In sham surgeries ET-1 was replaced with sterile saline. The
wound was closed with suture and topical anesthetic was
applied (Lidocaine, 3M, Brazil).4.5. Rehabilitation protocols
Five days after surgery animals received one of the following
treatments; both protocols were performed along 20 min/day,
5 days/week during 6 weeks.
Skilled training consisted of skilled reaching for food inside
reaching boxes, made of clear Plexiglass (20 cm25 cm40
cm high) (Whishaw and Pellis, 1990). Five centimeters from the
side of each front wall there was a 1 cmwide slit that extended
from the floor to a height of 15 cm. On the outside, in front of
the slit and mounted 4 cm above the floor there was a 2 cm
wide by 4 cm long shelf. Two small indentations (0.5 cm in
diameter, 0.15 cm deep) on the upper side of this shelf, each
aligned with one side of the slit, served to stabilize food pellets
(sucrose spheres of sweet flavor—4.6 mm; 65mg710%—Bra-
zilian Homeopathic Pharmacopoeia—Brazil). The distance
between indentations and the front wall was at 1.5 cm.
For each rat, food was placed in the indentation contralateral
to the limb with which reaching would be performed. Animals
received an individual preoperative training for 4 weeks.
Training was administered in such a way that when a
successful reach was made, a short pause preceded presenta-
tion of the next food pellet. After focal ischemia, reaching with
the impaired forelimb was enforced by the insertion of an
inner chamber wall ipsilateral to this limb and the placement
of pellets in the well opposite to this limb. Since animals need
to cross the midline to reach, this prevents the use of the
unaffected forelimb.For unskilled training animals received daily walking ses-
sion on adapted motorized rodent treadmill (INBRAMED TK
01, Porto Alegre, Brazil) (Hermer-Vazquez et al., 2004). Each
session consisted of walking at a speed of 1.8 m/min
(Mestriner et al., 2011). This session duration was chosen to
maximize the comparison between all groups and the slow
speed was selected to encourage animals to walk (not to run)
and to limit the possible effects of aerobic conditioning. The
grade of the treadmill remained at 0% and no aversive
stimulus was used.
4.6. Behavioral outcome measures
Behavioral evaluation was performed before and after the
stroke and weekly over the 6 weeks of treatment, as depicted
in Fig. 4.
4.7. Skilled reaching test
Animals were trained to reach for food pellets in the Staircase
test of independent forelimb reaching ability over 4 weeks
(2 trials/day; 15 min/trial) (Pagnussat Ade et al., 2009). Boxes
were made of clear Plexiglas and consisted of a chamber with
a central platform. Stairs were positioned on each side of the
animal and a set of seven steps placed on each side was
baited with three food pellets (Brazilian Homeopathic
Pharmacopoeia—Brazil). The stair arrangement and the nar-
rowness of the corridor were such that rats cannot turn
around and/or retrieve dropped pellets and just allow the
animal to reach from the right steps using the right forepaw
and from the left steps only with the left forepaw (Montoya
et al., 1991).
4.8. Forelimb asymmetry test
Animals were individually placed into a transparent cylinder
(20 cm diameter and 40 cm high) on a glass tabletop and video
recorded from below through an angled mirror for 4 min
during each test session. The number of forepaws wall con-
tacts used for postural support was counted and the percen-
tage of asymmetry of single-limb wall contacts [(contralateral/
contralateralþipsilateral)100] was calculated (Schallert et al.,
2000).
4.9. Western blotting assay
For immunoblotting studies, rats were decapitated, their
brains removed and cortex were dissected out and homo-
genized in lysis buffer (4% SDS, 2.1 mm EDTA, 50 mm Tris);
brains from control rats were processed similarly. Aliquots
were taken for protein determination and b-mercaptoethanol
was added to a final concentration of 5%. Protein samples
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polyacrylamide gel electrophoresis following transfer to
nitrocellulose membranes (Amersham, GE Healthcare). After
1 h incubation in blocking solution containing 5% skim milk
powder and 0.1% Tween-20 in Tris-buffered saline (TBS;
50 mm Tris-HCl, 1.5% NaCl, pH 7.4), membranes were incu-
bated overnight at 4 1C with the appropriate primary antibody
diluted in TBS containing 5% skim milk powder and 0.1%
Tween-20. Primary antibodies against the following proteins
were used: anti-GFAP (1:2000 dilution, rabbit polyclonal,
Sigma); anti-PSD95 (1:2000 dilution, rabbit polyclonal, Cell
signaling) and anti-synapsin (1:3000, rabbit polyclonal, Milli-
pore). After washes in TBS containing 0.1% Tween-20, mem-
branes were incubated with horseradish peroxidase-coupled
secondary antibodies recognizing antigens from the same
host as the corresponding primary antibody (rabbit IgG from
Amersham, GE Healthcare; 1:1000 dilution in blocking solu-
tion). The chemiluminescence (ECL, Amersham, GE Health-
care) was detected using X-ray films (Kodak X-Omat). The
films were scanned and the percentage of band intensity was
analyzed using OptiQuant software. All blots were re-probed
with b-actin antibody from Sigma (1:2000 dilution, mouse
monoclonal) as an internal control.4.10. Histology
After 6 weeks, animals (n¼4–5) were deeply anesthetized
with chloride hydrate (30%, 10 mL/kg, i.p.) and transcardially
perfused through the left ventricle (Peristaltic Pump-Control
Company, S ~ao Paulo, Brazil) with 100 mL of heparinized
saline followed by 200 mL of fixative solution composed of
4% paraformaldehyde (PFA) (Reagen, Rio de Janeiro, Brazil) in
0.1 M phosphate buffer (PB) pH 7.4 at room temperature.
Brains were postfixed in PFA at room temperature for 4 h,
kept in 30% sucrose in PBS for 3 days and then frozen in
isopentane and liquid nitrogen. Coronal sections (40 mm)
were obtained using a cryostat (Leica, Germany). Slices were
stained with Cresil Violet from þ3.0 mm to 2.5 mm relative
to Bregma. The Image J program (NIH, USA) was utilized to
delineate and estimate the lesional areas. The volume of
injury was measured by summing the area recorded from
each slice and multiplying that value by the distance between
the measured slices (Windle et al., 2006).4.11. Data analyses
All behavioral testing and analyses were performed by
experimenters blind to group identity. SPSSs 16.0 (Statistical
Package for the Social Sciences, Inc., Chicago, USA) was used
for data analyses. To determine differences between groups
in behavioral evaluation repeated measures analyses of
variance (ANOVA) was utilized. Western blot and lesional
area data were analyzed by one way ANOVA. Tukey’s post-hoc
test was used when appropriated. Significance was set at
po0.05 for all analyses and results are presented as mean-
s7standard error of the mean (S.E.M.).Acknowledgments
Authors gratefully acknowledge financial support by CNPq.
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